Morphometric and meristic analysis of ladyfish, Elops machnata, were used to discriminate stocks along the Southeast and Southwest coast estuaries of India. Morphometric and meristic analyses showed a similar pattern of differentiation between E. machnata stocks and revealed a clear discreteness of two groups, an East coast (Marakanam, Parangipettai and Muthupettai) population and a West coast (Cochin) population. Higher total length (TL) (28.00 ± 7.043 cm), fork length (FL) (89.27 ± 2.201% TL) and standard length (SL) (81.77 ± 2.582% TL) were recorded in Cochin population and they were significantly different from the other three populations. Meristic counts were relatively homogenous in all the studied populations. No significant variation was found in counts of dorsal fin ray (DFR), anal fin ray (AFR), pectoral fin ray (PFR) and pelvic fin ray (PLFR). The first and second components (PCA analysis) accounted for about 92.2% of variation in all the morphometric characters. Among them, pre pectoral length (PPL) and pre dorsal length (PDL) showed high loading values in PC1 in all four populations. The overall random assignment of individuals to their original group was higher in morphometric than in meristic analysis. Such a presumption could be authenticated henceforth with molecular markers. Hence, further studies, using molecular markers are still required to precisely evaluate the genetic structure of E. machnata along the Indian coast.
Introduction
Elops machnata belongs to the family Elopidae, which forms part of the order Elopiformes. The species is widely distributed in tropical-subtropical, marine and coastal waters (McBride et al., 2010) . In terms of conservation status, E. machnata is listed as a species of least concern (LC) in the International Union for Conservation of Nature (IUCN) red list (Adams et al., 2018) . Elops species are important components of global fisheries, in either commercial, recreational or subsistence sectors (McBride et al., 2010) .
Morphometric analysis has been applied to many stock differentiation and life-history problems in many fish species (Bronte et al., 1999) . If there is any morphological variation in various populations of a particular species, one can discriminate the morphotypes, and such variation may be useful in assessing the stock structure of populations (Joseph and Jayasankar, 2001) . Those morphological differences within a morphotype may indicate geographically isolated stocks, whose shapes may be influenced based on local environmental conditions or by genetic bases (Joseph and Jayasankar, 2001) .
Different populations of the same fish species are often different in phenotypic characters (Pakkasmaa and Piironen, 2001) . Morphological differentiations can principally result from two causes; genetic differences or environmental factors, or their interactions. Genetic differences and reproductive isolation between populations can lead to local adaptation, which is reflected in morphology, behaviour, physiology and life history traits (Taylor, 1991; Pakkasmaa and Piironen, 2001; Kara et al., 2011) . Environmental factors, on the other hand, can produce phenotypic plasticity, which is the capacity of a genotype to produce different phenotypes in different environmental conditions (Scheiner, 1993) . Morphometric assessment is not only essential to understand the taxonomy
Morphometric measurement
As per standard protocol (Motomura et al., 2001) (Fig. 2) . All the length measurements were taken between identified points along the anteriorposterior axis, whereas depth measurements of the body were taken perpendicularly between the identified points. Each meristic count was taken twice on the same specimen using a hand-held magnifying lens.
All the morphometric data of the four populations were analyzed using univariate analysis of variance (ANOVA), with Tukey HSD (for unequal N) post-hoc comparison tests to investigate the significant morphometric difference. Tests were considered significant at P<0.05 level. Multivariate statistical analysis method of principal component analysis (PCA) was performed in statistical package PAST (version 2.14) to discriminate the populations based on grouping of components significantly using all morphometric measurements. but also the fitness of a species (including reproduction) in a habitat. The shape and structures are unique to a particular species and the variations in morphological characters are probably related to the habit and habitat conditional variants of this species (Cavalcanti et al., 1999) .
In this study, morphometric and meristic characters were analyzed in order to investigate possible variation in four populations of E. machnata in Southeast and Southwest coast of India.
Materials and Methods

Animal collection and site description
Four populations including Marakanam (12° 12′ 0″ N, 79° 57′ 0″ E), Parangipettai (11° 30′ 33″ N, 79° 43′ 13″ E) and Muthupettai (10° 23′ 0″ N, 79° 30′ 19″ E) estuaries of Southeast coast and Cochin (9° 58′ 4.8″ N, 76° 14′ 38.4″ E) estuary of Southwest coast of India were selected for the hereby study (Fig. 1) .
In total, 390 individuals were collected from four populations viz., Marakanam (105), Parangipettai (100), Muthupettai (110) and Cochin (75). Samples were collected randomly from the respective estuary landing centres. All fishes were identified using the FAO Fish Identification Sheets (Thomson, 1984) and further confirmation was carried out at Zoological Survey of India, Southern Regional Centre, Chennai. 
Results and Discussion
Morphometric and meristic characters
The details of the morphometric characters of E. machnata from four populations are shown in Table 1 . There were significant differences in some morphometric characters of the populations studied. Higher TL (28.00 ± 7.043 cm), FL (89.27 ± 2.201% TL) and SL (81.77 ± 2.582% TL) were recorded in Cochin population and it was significantly different from the other three populations. The MBW in Cochin population (18.31 ± 5.746 mm) significantly deviated from the other three Tamilnadu populations. Higher value of HH (66.83 ± 2.690% MBH), MBH (40.54 ± 7.445 mm), BPLFL (3.48 ± 0.398% TL) and ODFLAFL (24.30 ± 1.302% TL) were observed in Parangipettai population. It was significantly different from the other three populations. The values of OD (41.99 ± 2.672% HH) and OPLFLAFL (20.73 ± 1.362% TL) were high in Muthupettai population and significantly deviated from other three populations. In Marakanam population the PDL, PPLL, CUPL and UCFL showed prominent values compared with the other three populations. The F value was more for UJL (165.224 % HL) and EH (371.687 % HH) among the four populations. Meristic counts were relatively homogenous in all the studied populations. No significant variation was found in counts of DFR, AFR, PFR and PLFR (Table 2) . 
Principal component analysis (PCA)
In PCA analysis, Principal Component 1 (PC1) and Principal Component 2 (PC2) were obtained from all morphological characters and the four populations were partially clustered (Fig. 3) . The principal component analysis score plot exhibited that the East coast populations (Marakanam, Parangipettai and Muthupettai) were clustered tightly together. Whereas, the Westcoast population (Cochin) lied separately in the score plot. The first and second components explained about 92.2% and 1.1% variation respectively. Characters such as EH, PPL and PDL showed high loading values in PC1 among the four populations. Within population, individuals were more tightly clustered than the individuals between the populations. This indicates that morphological characters were highly similar in individuals within populations 11 compared with individuals between the populations. Partial homogeneity observed in Parangipettai, Muthupettai and Marakanam clusters and Cochin and Marakanam may be attributed to lack of significant difference in some morphological characters among these populations.
The loading factors for component 1 and component 2 for all morphological characters are shown in Table 3 . The PC1 showed 18.209% of variance and PC2 showed 13.55% variance.
Identification of stock structure through phenotypic measurements has been widely used in several fish populations (Uiblein, 1995; Hurlbut and Clay, 1998) . Generally, fishes possess high phenotypic plasticity, which has relatively higher coefficients among the population for variation of phenotypes among the vertebrates (Carvalho, 1993) . This phenotypic plasticity of fishes likely to be associated with relationship with the changing environmental factors (Wimberger, 1991; 1992) . In the present study, the environmental factors of the studied area were not included. However, it is well known that those estuaries are continuously facing different stress conditions due to rapid industrialization.
The East coast populations are close enough when compared to West coast population and exhibiting low phenotypic differentiation in PCA scatter plot analysis. The obtained P-values of morphometric results were insignificant to support the established differentiation between these four populations that often leads to taxonomic uncertainty. At the same time, few of the Marakanam individuals clustered with Cochin population and more individuals clustered in a separate place in the plot. Many individuals of Parangipettai and Marakanam population were placed in between the Muthupettai populations and the remaining individuals dropped in a separate cluster in the plot. The close distribution of these samples may be accounted for recent separation due to ecological alterations. Turan et al. (2006) studied the morphological variation of Pomatomus saltatrix based on morphometric and meristic analysis of samples collected in Black Seas, Marmara, Aegean and Eastern Mediterranean Seas and the results indicated the existence of three morphologically differentiated groups. Erguden et al. (2009) undertook morphometric and meristic analysis of chub mackerel, Scomber japonicus in the same locations and they observed a clear pattern of morphometric and meristic differentiation between the stocks. The present study also showed a tentative pattern of differentiation between the stocks and revealed two groups, the East coast estuary stock (Parangipettai, Marakanam and Muthupettai) and the West coast estuary stock (Cochin).
The study observed a low heterogeneity in some morphometric characters of E. machnata populations (Table 1) . Similarly, the significant spatial heterogeneity was found in some estuarine populations of Arius jella in Sri Lanka (Gunawickrama, 2007) and Etroplus maculates populations (Manimegalai et al., 2010) in India. Generally the morphological variation is expected to be under the isolation by distance model. Within the present study though, the population variations did not agree with that model; such a result might be raised by environmentally induced phenotypic variations due to the different gene expression pattern like in killifish populations (Schulte, 2001) . The difference in the gene expression pattern may drive the non-selective plasticity in traits rather than genetic differences among populations, resulting in phenotypic variations (Ayrinhac et al., 2004; Schoville et al., 2012) .
There were no significant differences observed in meristic characters such as rays of dorsal, pectoral, pelvic and anal fins of the four populations in the present investigation. These results suggest that environmental variations have no influence on these meristic characters. Similarly, there was no variation found in the meristic characters of the populations of Clupea harengus sampled from different environmental conditions in Baltic Sea (Jorgensen et al., 2008) and Arius jella collected from different estuaries of Sri Lanka (Gunawickrama, 2007) . These results suggest that variations arising in meristic characters may take long periods of evolution.
The present study found that no large phenotypic differences among the population indicate that any restriction on gene flow that may occur on these population units is not sufficient to maintain them in complete isolation. However, some morphological characters of the present study showed significant heterogeneity among populations. These observed variations may have occurred due to partial isolation of populations or local adaptations changed by differential gene expression pattern (Schoville et al., 2012) . Moreover, the present study recommends that population differentiation through morphological characters could not be considered since homogeneity exists in the four E. machnata populations. Morphological divergence has been reported in the estuarine fish population that are not completely geographically separated, suggesting that partial isolation may play a role in population sub-divisions (Manimegalai et al., 2010) . Their study can also explain that fishes living in the same place showed morphological divergence. It would indicate the possibility for micro-habitat restriction that may influence this variation. However, it is now commonly accepted that morphological variation has both environmental and genetic components. Thus, morphometric differences may reflect genetic differences between the stocks and/or environmental differences between localities. Therefore, stock identification based on morphological characters must be confirmed by genetic evidence to verify that the phenotypic differences reflect some degree of reproductive isolation rather than simply environmental differences. The present analysis does not include environmental data for the sample localities, thus it is not possible to confirm whether the observed variation is associated with environmental conditions, and therefore, further environmental comparisons of these areas would be worthwhile.
Conclusions
In conclusion, based largely on morphological differences, there are two groups of ladyfish in the estuary waters of India, a West coast group and an East coast group. Although environmental factors may govern to some degree the potential morphological differentiation of lady fish aggregations, the detected pattern of differences at least shows that there is some restriction to intermingling between stocks (no data, only assumption). Further understanding of differentiation must include broader samplings throughout the species range, collections of molecular genetic data such as RAPD, microsatellites and physical tagging programs may be designed to measure longdistance dispersal of E. machnata.
